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FOREWORD 


A  method  has  been  demonstrated  by  holographic  interference  in  photo-refractive  media 
for  real-time  image  subtraction  requiring  only  a  single  pass  through  an  aberrating  medium. 
Image  enhancement  by  passing  the  conjugate  beam  back  through  the  aberrator  (double  pass)  has 
been  previously  demonstrated.  For  various  applications,  a  single  pass  is  required.  The  theory 
and  experiments  for  double-  and  single-pass  arrangements  are  presented. 
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INTRODUCTION 


BACKGROUND 

Optical-phase  conjugation  is  a  process  by  which  each  plane  wave  in  an  arbitrary  beam  of 
light  precisely  reverses  both  its  direction  and  overall  phase  factor.  This  process  is  mediated 
through  nonlinear  optical  interactions  in  certain  materials.  The  phase  difference  between  any  two 
points  of  the  conjugate  beam  has  a  sign  opposite  to  that  of  the  phase  difference  between  the  same 
points  of  the  original  beam.  Conjugation  is  the  mathematical  operation  of  changing  a  phase  sign. 
This  is  why  the  operation  is  referred  to  as  optical-phase  conjugation.  In  a  typical  Fresnel  mirror, 
the  reflection  obeys  several  well-known  relationships;  i.e.,  the  angle  of  reflection  equals  the  angle 
of  incidence  and  a  diverging  wavefront  will  continue  to  diverge  upon  reflection.  For  a  phase 
conjugate  mirror,  the  reflection  will  retrace  its  path  and  the  once  divergent  beam  will  converge 
with  the  same  angular  relationships  as  the  original  beam  (Figure  1). 


HGURE  1.  STANDARD  MIRROR  VS.  PHASE  CONJUGATE  MIRROR 
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Mathematically  the  distortion  removing  properties  of  a  phase  conjugate  beam  are  well 
understood  }  Assume  a  monochromatic  beam  propagating  through  a  composite  medium  whose 
dielectric  permittivity  is  defined  by  8(r).  The  scalar  (+z)  propagating  beam  is 

=  +  (1) 

In  the  limit  of  slow  spatial  and  temporal  variations,  the  scalar  wave  equation  becomes 

+(o)V(r)-k^)^,  +2ik^  =  0  (2) 

(pz) 

The  complex  conjugate  of  Equation  (2)  can  be  written  as 

+(coV(r)-k^)^;  _2i-k^  =  0  (3) 

(oz) 

Equation  (3)  is  the  wave  equation  for  a  wave  propagating  in  the  -z  direction  described  by 

£2(r,0=|42e“'^“'^^^+c.c.  (4) 

with  the  constraint 


^^{T)  =  a%\{v)  (5) 

where  a  is  an  arbitrary  constant.  Therefore  a  wave  travelling  in  the  opposite  direction  ^2  with  a 
complex  amplitude,  which  is  the  complex  conjugate  of  (within  an  arbitrary  multiplicative 
constant),  is  also  a  solution  of  the  wave  equation  obeyed  by  ^\.  Physically  this  implies  that  a 
phase  conjugate  mirror  can  generate  a  beam  Ez,  which  is  the  phase  conjugate  of  an  arbitrarily 
distorted  beam  Ei  (within  an  arbitrary  multiplicative  constant).  Ez  will  propagate  opposite  to  E\ 
and  its  amplitude  ^2  will  be  the  complex  conjugate  of  ^1.  It  is  apparent  that  the  wavefronts  of  Ez 
coincide  everywhere  with  those  of  Ei.  It  should  be  noted  that  E\  and  its  reflected  conjugate  Ez 
have  the  same  time  dependence  exp(-/wO  and  it  is  only  the  spatial  part  ^i(r)exp(/fe)  that  is 
reversed.  These  equations  hold  as  long  as  8(r)  is  real.  If  the  propagation  material  is  lossy  or 
amplifying,  the  equations  are  not  true  unless  the  loss  or  gain  is  independent  of  r.  For  this 
purpose,  the  assumption  that  the  propagation  material  is  lossless  and  non-amplifying  is  valid. 

The  photorefractive  effect  is  the  mechanism  for  phase  conjugate  processes.  It  is  caused 
by  impurities,  vacancies,  or  defects  in  the  crystals  that  act  as  charge  donors  and  acceptors.  When 
light  strikes  the  crystal,  these  extra  charges  rearrange  themselves.  The  present  thinking  favors 
two  possible  transport  mechanisms.  The  first  is  that  the  charges,  either  electrons  and/or  holes, 
are  excited  into  the  closest  energy  band,  become  mobile,  and  are  eventually  retrapped  within  the 
crystal.  The  second  mechanism  is  that  of  light-assisted  tunneling  or  band  hopping  between 
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trapping  sites.  Regardless  of  the  mechanism,  if  the  photorefractive  crystal  is  continuously 
irradiated  with  light  within  a  proper  bandwidth,  the  charges  eventually  arrange  themselves  in  an 
equilibrium  pattern.  Since  the  charges  have  been  trapped,  they  remain  in  this  equilibrium  pattern 
even  after  the  light  has  been  removed  for  extended  periods.  An  interesting  difference  between 
photorefractive  materials  and  other  nonlinear  optical  materials  is  that  their  optical  nonlinearity  is 
independent  of  the  intensity  of  the  optical  beams,  thus  achieving  nonlinear  effects  even  with 
relatively  weak  laser  beams.  The  optical  intensity  determines  the  speed  of  the  nonlinear 
response,  not  its  magnitude. 

When  a  volume  phase  grating  is  written  in  a  photorefractive  crystal,  optical-phase 
conjugation  follows.  How  a  volume  phase  grating  is  established  within  the  photorefractor  is 
described  as  follows:  Allow  two  coherent  light  beams  to  irradiate  a  crystal.  The  loosely  bound 
charges  become  mobile  and  accumulate  in  the  dark  areas  of  the  interference  grating.  Thus  a  non- 
uniform  charge  density  p(x)  is  formed.  This  charge  density  produces  a  static,  spatially  varying 

periodic  electric  field  E(a:)  within  the  crystal.  Poisson's  equation 


V-E(x)  = 


e 


p(x) 


(6) 


shows  that,  while  the  charge  densities  may  be  low,  the  electric  fields  in  the  crystal  are  on  the 
order  of  1000  v/cm.  This  large  localized  field  distorts  the  crystal  lattice,  which  in  turn  alters  the 
crystal's  index  of  refraction  n(x).  The  change  in  the  index  of  refraction  is 


An(x)  =  — 


E(x) 


(7) 


where  p  is  the  Pockel's  coefficient  of  the  crystal.  The  Pockel's  coefficients  are  elements  of  the 
crystal's  third  rank  tensor  r^,  which  is  the  reason  why  certain  photorefractive  materials  exhibit 
such  highly  nonlinear  effects.  Therefore  it  is  easily  seen  that  if  the  light  irradiating  the  crystal  is 
spatially  periodic,  the  variations  in  the  refractive  index  An(x)  will  have  the  same  periodicity. 

The  end  result  is  that  the  crystal  has  now  become  a  volume  phase  grating.  Again  it  is  this 
volume  phase  grating  that  produces  the  phase  conjugate  of  the  object  beams. 

This  research  exploited  the  double-phase  conjugation  (DPC)  mechanisms  in  the 
photorefractive  crystal  strontium  barium  titanate.  The  double  self-pumped  phase  conjugator, 
using  barium  titanate,  was  first  demonstrated  by  Weiss,  et  al.^  at  the  Technion  in  Israel  and 
independently  at  the  University  of  Essex  by  Smout  and  Eason.  In  their  initial  work,  both  groups 
crossed  two  laser  beams  in  the  photorefractor  and  observed  that  there  were  two  reflected  beams, 
and  they  were  the  conjugates  of  the  initial  input  beams.  They  also  found  two  completely 
unexpected  relationships.  The  first  was  that  the  reflected  beams  were  conjugates  of  themselves 
and  not  each  other.  The  second  was  that  the  effect  worked  best  when  the  laser  beams  were  the 
same  wavelength  but  were  incoherent  with  each  other.  This  is  in  contrast  with  four-wave  mixing 
phase  conjugation.  The  DPC  process  happens  by  indirect  means.  The  two  beams  cannot  simply 
write  a  volume  hologram  together  since  they  are  mutually  incoherent.  The  process  occurs 
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because  each  beam  writes  a  hologram  with  its  own  scattered  light.  Once  the  holograms  have 
been  formed,  the  relevance  of  the  coherence  disappears.  (To  become  more  familiar  with  phase 
conjugation  and  photorefractive  materials,  see  the  introductory  papers  of  References  4-6  and 
Chapter  11  of  Reference  1.) 


OBJECTIVES 

This  research  effort  investigated  the  feasibility  of  using  phase  conjugation  phenomena 
for  image  enhancement.  It  has  been  shown’  that  phase  conjugation  techniques  can  be  used  to 
correct  for  aberrations  in  images.  The  aberrator  acts  to  change  the  phase  of  the  wave  at  each 
point  so  that  the  transmission  of  a  beam  through  an  aberrator  is 

r,  (?)=«'•«,  (8) 

where  r  is  the  distance  from  the  center  of  the  beam  in  the  plane  perpendicular  to  the  direction  of 
propagation.  Equation  (8)  is  valid  only  for  a  phase-distorting  aberrator.  It  is  not  valid  if  the 
aberrator  induces  a  spatially  varying  amplitude  structure  in  the  beam.  Figure  2  shows  a 
schematic  of  this  effect.  The  field  incident  on  the  aberrator  is  Eg.  After  passing  through  the 
aberrator,  the  attenuated  field  is  EqTa-  This  field  is  reflected  in  the  crystd  grating,  and  the 
conjugated  field  isE*T* .  Upon  being  transmitted  back  through  the  aberrator,  the  conjugated 

field  becomes  By  Equation  (8),  |rAi^=U  and  the  aberration  is  removed.  The 

conjugated  field  is  the  inverse  of  the  field  incident  on  the  crystal  so  that  the  transmission  back 
through  the  aberrator  reverses  the  initial  aberration.  This  technique  requires  a  double  pass 
through  the  aberrator. 

For  Navy  applications,  the  beam  is  required  to  pass  through  the  aberrator  only  once.  The 
ability  to  resolve  images  distorted  by  propagation  through  a  water  medium  requires  the  removal 
or  undoing  of  the  aberrations  produced  in  the  water.  There  are  of  course  many  sophisticated 
digital  image  processing  techniques  available  for  image  enhancement.  All  of  these  methods  have 
two  things  in  common — they  operate  on  the  image  after  it  has  been  recorded,  and  they  process 
information  in  a  serial  fashion.  The  technical  problem  addressed  is  whether  or  not  image 
enhancement  through  the  removal  of  aberrations  before  the  object  is  imaged  and  captured  is 
possible  (i.e.,  real-time  image  enhancement).  The  task  was  to  determine  whether  or  not  it  is 
possible  to  use  this  method  in  a  single  pass  configuration  for  reducing  the  noise  (backscatter, 
etc.)  from  underwater  images  in  mine  countermeasures. 
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Aberrator 


Mirror 


HGURE  2.  REMOVAL  OF  ABERRATION  BY  OPTICAL-PHASE  CONJUGATION 

The  Navy  and  Marine  Corps  have  an  obvious  need  for  locating  mines  and  minefields.  An 
airborne  active  imaging  system  has  the  potential  for  high  payoff.  If  real-time  image  processing 
proves  feasible,  then  the  operational  problem  that  must  be  addressed  is  whether  or  not  its 
advantages  can  be  realized  in  an  operational  system  meeting  the  systems  requirements.  The 
operational  requirements  for  airborne  systems  dictate  large  area  and/or  volume  coverage  and  high 
sensitivity  for  an  active  optical  system.  This  severely  limits  operational  design  and 
configuration.  The  impact  of  these  constraints  will  be  addressed  in  the  conclusion  of  this  report. 

Although  DPC  techniques  were  used,  it  should  be  noted  that  there  are  many  different 
physical  mechanisms  (three-  or  four-wave  mixing,  stimulated  scattering,  etc.)  that  permit  one  to 
implement  the  optical-phase  conjugation  process.  Also,  there  are  many  types  of  materials  for 
implementing  these  physical  mechanisms.  This  work  draws  heavily  on  relatively  few’~^^  of  the 
large  number  of  publications  available  on  both  theory  and  experimental  results.  All  of  the 
studied  processes  that  have  been  implemented  for  correction  of  static  and  dynamic  aberrations  in 
the  atmospheric  environment  have  a  direct  correlation  to  a  water  environment  since  the  water  can 
be  considered  an  aberrator. 
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IMAGE  SUBTRACTION  BY  DOUBLE-PASS  DPC 


Image  subtraction  requiring  a  double  pass  through  transparencies  has  been  demonstrated 
in  self-pumped  phase  conjugate  mirrors^^  and  in  DPC  mirrors.*'^  hi  the  DPC  method,  wherein  the 
two  pump  beams  also  serve  as  the  reference  beams,  alignment  difficulties  are  greatly  alleviated. 

Figure  3  is  a  diagram  of  the  experimental  setup  for  image  subtraction  through 
recombination  of  the  conjugate  beams.  The  laser  light  passes  through  a  polarizer  and  is 
expanded  with  a  collimator.  The  beam  is  split  at  BS2  into  two  beams  with  fields  Ea  and  Eb-  Ea 
passes  through  the  target  transparency  T1  and  Eb  passes  through  target  T2.  Both  are  focussed 
into  the  crystal  by  lenses  LI  and  L2.  The  conjugate  beams  are  reflected  back  in  the  same 
direction  as  the  input  beams  and  are  recombined  at  BS2.  BS2  has  reflection  and  transmission 
coefficients  r  and  t  for  light  incident  from  one  side  of  the  cube  and  r'  and  t'  for  light  incident 
from  the  other. 

The  fields  E\  and  E2  at  the  outputs  of  BSl  and  BS2  are  calculated  as  follows:  The  fields 
writing  the  grating,  Ea  and  Eb,  are 


Ea  =trT,E.^ 

Eb  =  t^EjEjn 

E*  =  conj  of  E„ 
E*  =  conj  of  Eb . 


HGURE  3.  EXPERIMENTAL  SETUP,  DOUBLE  PASS 
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The  field  E\  at  the  output  of  BS2  is  the  combined  conjugates  of  £a  and  £b  given  by 

E,=iEltRJ,+Elr%T^) 


(10) 


=^t*El{tr\T,\^R^  +  fr'\T2\'^R2), 

where  Ri  and  Ri  are  the  phase  conjugate  reflectivities  of  the  conjugate  mirror.  From  Stoke's 
principle  of  the  time  reversibility  of  light 


t*r'+rt  =  0,  (11) 

where  t  =  t'.  Applying  Equation  (1 1)  to  Equation  (10)  and  assuming  Ri  =  Ra  gives 

E,=\tfElRr\\T,\^-\T2\^)  (12) 

for  the  field.  The  detected  intensity  is  the  square  amplitude  of  the  field  in  Equation  (12).  The 
negative  sign  in  Equation  (12)  indicates  a  phase  difference  of  tt  in  the  two  conjugate  beams. 

This  setup  can  therefore  be  used  to  image  the  intensity  difference  between  the  two  transparencies. 
This  device  is  not  sensitive  to  phase  differences  or  to  an  optical  path  difference  in  the 
interferometer. 

If  there  is  only  one  target  in  one  leg  of  the  interferometer,  Equation  (12)  becomes 

E,=\tfElRr\l-\T2W  (13) 

and  image  inversion  takes  place.  If  both  target  transparencies  are  removed,  the  beams  are 
identical  Gaussian  and 


£,  =|ff£;/?r*(l-l)  =  0.  (14) 

The  phase  difference  of  n  in  the  conjugate  beams  causes  complete  destructive  interference.  This 
was  observed  in  the  laboratory. 

The  field  £2  at  the  output  of  BS 1  is 

E,  =  (£>/£,£,  +  Elt'/RJ,) .  (15) 

Inserting  the  values  of  £*  and  El  from  Equation  (9)  gives 

E,=rYEl  (I  r  ^  Ti\^Ri+\t  I'l  £21' £2).  (16) 
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By  applying  conservation  of  energy,  |r|^+|tp=l,to  Equation  (16)  and  again  assuming 
i?i  =  R2  then 

E,=rrREl{\Tx  1^  +  |  r  |^  (|  12  |' -  |  T,  1^)}.  (17) 

For  a  50/50  beam  splitter,  |  r  |^=  |  t  |^=  0.5,  Equation  (17)  reduces  to 

E^=^rrREl{Q.5){\T,\^+\T2\\  (18) 

which  is  equivalent  to  addition  of  the  transparency  images. 

In  this  configuration,  the  beam  passes  through  the  target  twice,  once  in  each  direction. 

For  the  application  of  imaging  remote  targets,  the  desire  is  for  a  setup  in  which  the  beam  passes 
through  the  target  only  once.  This  can  easily  be  extended  to  reflection  from  a  remote  target. 

This  configuration  also  will  not  remove  aberrations  from  the  target.  If,  for  example,  the  beam 
passed  through  a  water  column,  reflected  from  a  target,  passed  back  through  the  water  column 
and  to  a  detector,  an  aberrated  image  would  be  captured  at  the  detector.  If  aberrators  Tai  and  Ta2 
are  placed  in  both  legs  of  the  interferometer  the  field  E\  becomes 

£,  =|rf  £*i?r*(|  Ti  |2|  Ta,  |2-  |  T2\^\  T^i  (19) 

Since  |  Ta  |^  =  1,  by  Equation  (8),  the  aberration  is  removed.  In  this  configuration,  there  is  still  a 
double  pass  of  the  beam  through  the  aberrators  and  the  targets. 

If  the  aberrator  is  placed  in  front  of  BS2  the  field  is 

E,=\tfElRr\\T,\^TA-  \  T2\^Ta)  (20) 

The  beam  passes  through  the  aberrator  only  once,  but  the  aberration  is  not  removed  from  the 
collected  image.  For  this  configuration,  removing  aberration  from  an  image  can  only  occur  for  a 
double  pass  of  the  beam  through  the  aberrator. 


IMAGE  SUBTRACTION  BY  SINGLE-PASS  DPC 


A  method  is  presented  for  image  subtraction  requiring  only  a  single  pass  through  a 
transmission  target  with  and  without  an  aberrator.  A  single  pass  is  desired  since  this  is  the 
physical  situation  in  this  application.  A  method  for  image  subtraction  with  a  single  pass  has  been 
reported^^;  however,  phase  conjugation  requiring  two  pump  beams  and  a  reference  beam  was 
used.  The  DPC  technique  is  desired  for  ease  of  alignment. 
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Figure  4  shows  the  experimental  setup  for  image  subtraction  with  a  single  pass  through 
the  targets.  The  beam  is  split  at  BSl  and  each  resulting  beam  passes  through  transparencies  Ti 
and  Ti  only  once.  E\  passes  through  transparency  Ti,  and  E2  passes  through  transparency  T2. 
The  beams  are  recombined  at  BS2.  BS2  has  reflection  and  transmission  coefficients  r  and  t  for 
light  incident  from  one  side  of  the  cube  and  r'  and  t'  for  light  incident  from  the  other.  Lenses  LI 
and  L2  tightly  focus  the  beam  into  the  crystal  where  the  grating  is  written.  £3  and  £4  are  the 
pump  beams  and  also  the  reference  beams.  £3  is  the  reference  beam  for  the  conjugate  of  £4 
while  £4  is  the  reference  for  the  conjugate  of  £3  (not  used  here).  The  conjugate  of  £4  is  passed 
through  BS3  and  imaged  on  the  screen  S.  The  distance  I  is  such  that  21  is  greater  than  the 
coherence  length  of  the  laser. 


HGURE  4.  EXPERIMENTAL  SETUP,  SINGLE  PASS 

If  the  field  incident  on  BSl  is  denoted  £0,  then  the  fields  £1  and  £2  incident  on  BS2  are 
given  by 


£,  =tEJ, 
E,=rEJ,e‘^^^. 


(21) 


The  phase  factor  in  the  expression  for  £2  is  a  consequence  of  the  path  difference,  21.  The  fields, 
£3  and  £4,  incident  on  the  photo  refractive  crystal  are  then 
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E^  =  (f'£i  +  rE2)  =  Eo  (t'tTi  + 

£4  =  {r'Ei  +  tE2)  =  Eo  {r'tTi  +  trT2^’^^^) 


(22) 


The  intensity  incident  on  the  crystal  is  therefore 

/=|(£3  +  £4)|"  (23) 

The  interference  between  the  two  fields  £3  and  £4  is  responsible  for  writing  the  grating  in  the 
crystal.  This  is  given  by  the  cross  terms  of  Equation  (23);  i.e., 

4,  =£,*£, +£i£;.  (24) 

This  works  out  to 

hnt  =  lo  {(f Vf  I  Ti  1^  +  I  r  I  VT  I  72  I")  +  C.C.}  (25) 

where  the  mutually  incoherent  cross  terms  have  been  neglected.  For  DPC,  it  is  not  necessary  for 
the  pump  beams  to  be  mutually  incoherent,  as  in  standard  four-wave  mixing;  however,  it  is 
necessary  here  to  neglect  these  cross  terms.  This  is  accomplished  by  ensuring  the  path  difference 
21,  is  greater  than  the  coherence  length  of  the  laser. 

Applying  Stoke's  principle  of  time  reversibility  of  light  from  Equation  (1 1)  to  the 
expression  for  the  intensity  in  Equation  (25) 

lint  =  lo  {rXI  r  I  Vi  I"  -  U  l"l  7’2  1^)  +  C.C.}.  (26) 

The  negative  sign  in  Equation  (26)  indicates  a  phase  difference  of  7t  between  the  two  beams 
carrying  the  image  information  from  transparencies  Tj  and  T2.  This  implies  that  the  holographic 
grating  containing  the  image  of  Ti  is  shifted  180  deg  relative  to  the  holographic  grating 
containing  the  image  of  T2.  When  the  holograms  are  read  out  by  the  reference  beam  (one  of  the 
pump  beams  in  this  case),  the  result  is  the  difference  between  the  two  intensity  patterns  provided 
I  r  1^  =  I  t  (50/50  beam  splitters). 

The  subtraction  of  the  field  amplitudes  can  be  achieved  by  inserting  a  spatial  filter  in  one 
arm  of  the  interferometer.  Inserting  a  pinhole  at  the  focus  of  LI  destroys  the  spatiail  information 
for  £3  so  that 


E4  =  Eo{r't  +  tre‘'^). 


(27) 
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Inserting  Equation  (27)  into  Equation  (23)  and  assuming  the  beam  splitters  are  50/50, 


lint  =  lo  {^*?1  Ti)  +  C.C.} 


(28) 


for  the  interference  intensity. 

As  in  the  previous  configuration,  removing  target  Ti  results  in  the  inversion  of  image  Ti. 
Removing  both  targets  results  in  total  destractive  interference  of  the  two  Gaussian  beams.  This 
is  demonstrated  by  the  data  in  Figures  5a-f.  Referring  back  to  Figure  3,  assign  E\  to  beam  A  and 
£2  to  beam  B.  No  targets  or  aberrators  are  present.  Figures  5a  and  c  are  the  Gaussian  beams  A 
and  B.  The  image  of  beam  A  was  taken  by  placing  a  charge  couple  device  (CCD)  camera  at  the 
output  S2  from  BS3  in  Figure  3  while  blocking  beam  B.  The  output  of  the  CCD  was  input  to  a 
video  screen  and  a  photograph  was  taken  of  the  screen.  The  image  of  beam  B  was  taken  in  the 
same  manner  while  blocking  beam  A.  The  conjugate  images  were  taken  at  the  other  output  of 
BS3  at  SI  and  are  shown  in  Figures  5b  and  d.  Figure  5e  is  the  superposition  of  beams  A  and  B 
taken  at  S2  without  blocking  any  beams.  Figure  5f  is  the  conjugate  of  A+B  showing  the 
subtraction  of  the  two  Gaussian  beams. 

It  has  been  demonstrated  that  image  subtraction  by  DPC  with  a  single  pass  through  the 
targets  is  possible  with  DPC.  Attention  is  turned  to  verifying  whether  this  method  works  to 
remove  aberrations  from  an  image.  If  aberrators  Tai  and  Ta2  are  placed  in  the  paths  of  E\  and  E2, 
Equation  (26)  becomes 

lint  =  lo  {rt(\  rT2TA2  I"  -  I  tTiTM  |')  +  c.c.}.  (29) 

This  single  pass  configuration  does  remove  the  aberrations.  Notice  that  if  only  one  leg  of  the 
interferometer  has  a  target  and  aberrator,  the  aberration  is  still  removed  and  the  image  is  inverted. 
If  the  pinhole  is  used  along  with  the  aberrators.  Equation  (29)  becomes 

Iint  =  Io  {r^i\  r  \^T2Ta2-  I  t  \^T^TA2)  +  c.c.].  (30) 

The  pinhole  configuration  does  not  eliminate  the  aberration.  Because  of  time  constraints,  this 
result  was  unable  to  be  experimentally  verified. 


CONCLUSIONS 


Image  subtraction  has  been  demonstrated  for  two  configurations.  In  one  configuration, 
the  beam  was  transmitted  through  the  target  twice  and  in  the  other  only  once.  It  has  also  been 
shown  that,  for  the  single-pass  configuration,  an  aberration  can  be  removed  from  an  image.  This 
can  be  applied  to  the  problem  of  remote  imaging  by  having  one  leg  of  the  interferometer  in 
Figure  4  be  the  return  signal  +  noise  from  a  remote  target.  The  second  leg  is  split  from  the  beam 
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(e)  BEAMS  A  +  B  (f)  CONJUGATE  OF  BEAMS  A  +  B 


nCURES.  SUBTRACTION  OF  TWO  GAUSSIAN  BEAMS 
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before  sending  it  to  the  target.  The  path  difference  is  much  greater  than  the  coherence  length  of 
the  laser.  The  two  beams  are  recombined  at  BS2  and  focussed  on  the  conjugate  mirror.  The 
output  at  Si  will  be  the  image  of  the  target  with  the  aberration  removed.  There  will  be  some 
slight  attenuation  from  absorption  that  has  not  been  included  in  these  calculations. 

The  condition  (Equation  (8))  that  the  type  of  aberration  must  be  a  phase  distortion  is 
stressed.  Spatially  varying  amplitude  aberrations  will  not  be  removed  or  reduced.  Aberrations 
induced  by  a  beam  traversing  a  water  column  are  of  both  types.  More  data  is  needed  to 
determine  whether  this  is  a  viable  technique  for  underwater  imaging. 

The  response  of  this  device  is  dependent  on  the  time  it  takes  for  the  grating  to  be  written 
in  the  crystal.  This  is  proportional  to  the  intensity  of  the  writing  beams.  With  the  argon-ion  laser 
operating  at  80  mW,  this  time  was  on  the  order  of  several  minutes.  Since  the  return  from  a  target 
will  have  a  much  lower  intensity  than  a  laser  in  the  laboratory,  this  is  an  unacceptable  condition. 
It  is  believed  that  this  configuration  has  promise  for  image  enhancement  applications  if  the 
response  time  can  be  improved.  The  response  is  also  a  function  of  the  type  of  doubling  crystal 
used.  Other  non-linear  materials  have  faster  response  times. 
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